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FIELD OF THE INVENTION
The present invention concerns methods and formulations for repelling insects, particularly for repelling mosquitoes and tickS.
BACKGROUND OF THE INVENTION
Insect repellants are widely used throughout the United States and throughout the World. In Some regions, the use of insect repellants is critical to avoiding or reducing the occurrence of disease carried by insects. For example the Centers for Disease Control (CDC) receives nearly 10,1000 reports of Lyme disease (transmitted by deer ticks) and 1,000 reports of encephalitis (transmitted by mosquitoes) annually).
Currently, the most common insect repellent is N,Ndiethyl-meta-toluamide (DEET). DEET was designed to be applicable to the Skin of Subjects, and is designed to repel rather than kill insects. Although in use for Some time, concern has recently emerged about the potential toxicity of DEET to children. Recently the US Environmental Protec tion Agency (EPA) determined that it would no longer allow child safety claims on labels for DEET-containing products. Accordingly, the present invention provides a method of repelling an insect pest, comprising applying to a Subject or Substrate, in an amount effect to repel the insect pest, a compound of Formula I:
wherein R is C4-C20 linear or branched alkyl, preferably linear and preferably C7 to C13 alkyl.
Particularly preferred insects for application of the present method are mosquitoes, tickS and cockroaches.
In one preferred embodiment, the insect for application of the present method is a thrip. In another embodiment, the insect for application of the present method is a biting fly Such as a deer fly.
In another embodiment, the insect for application of the method of the present invention is a gnat.
In another embodiment, the insect for application of the method of the present invention is an aphid.
Further aspects of the present invention include compo
Sitions comprising compounds of Formula (I), or other active compounds, in combination with carriers or other ingredients for repelling insects, and the use of compounds of Formula (I) or active compounds disclosed herein for the preparation of a composition for repelling insects.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
AS used herein, the term "alkyl (e.g., alkyl, alkylcarboxy, alkylphenyl,etc.) refers to a straight or branched chain hydrocarbon having from 4 to 20 carbon atoms, which alkyl may be linear or branched. The alkyl may optionally be substituted with substituents selected from the group which includes halo, lower alkoxy, lower alkylsulfanyl, lower alkylsulfenyl, lower alkylsulfonyl, OXO, hydroxy, mercapto, amino optionally Substituted by alkyl, carboxy, carbamoyl optionally Substituted by alkyl, aminoSulfonyl optionally Substituted by a Substituent Selected from the group includ ing alkyl, nitro, cyano, halo and lower perfluoroalkyl, mul tiple degrees of Substitution being allowed. Examples of "alkyl" as used herein include, but are not limited to, n-butyl, n-pentyl, isobutyl, pentyl, hexyl, octyl, nonyl, undecyl, the like.
The term "loweralkoxy" as used herein means linear or branched C to C alkoxy, preferably methoxy, ethoxy, or propoXy.
The term "halo' as used herein means halogen, preferably fluoro, chloro, bromo or iodo, most preferably fluoro.
Subjects to be treated with compounds of the present invention include both human and animal Subjects (e.g., dogs, cats, horses, cattle). Subjects may be directly or indirectly treated, Such as by applying the active compound to the Skin of the Subject, or by applying the active com pound to an article worn by or otherwise protecting the Subject.
Substrates to be treated with compounds of the present invention include, but are not limited to, floors, plants, containers, walls, pools or open bodies of water, etc.
Insects that may be repelled by the methods of the present invention include ticks, fleas, cockroaches, and biting flies, typically of the order diptera, and further including mosquitoes, horse flies, deer flies, black flies, gnats, no-See ums, chiggers, etc.
The term "mosquito' as used herein concerns any type of mosquito (e.g., Anopheles, Aedes, and Culex), including but 
Repellant Compounds
Active compounds or compounds of Formula I herein are either known and may be produced in accordance with techniques known to those skilled in the art, or where novel may be produced by variations of known techniques which will be apparent to those skilled in the art. In one embodiment, a floor wax composition may include repellant compounds as described herein, in an amount effective to repel cockroaches that might otherwise feed upon the composition once applied to floors, or to simply repel cockroaches from floor Surfaces to which they are applied.
AS will be appreciated by a person skilled in the art, the repellant concentration will vary widely depending upon the nature of the particular formulation, particularly whether it is a concentrate or to be used directly. The repellant com pound will be present in the composition in a concentration of at least about 0.0001% by weight and may be 10, 50, 99 or 100% by weight of the total composition. The repellant carrier may be from 0.1% to 99.9999% by weight of the total composition. The dry formulations will have from about 0.0001-95% by weight of the pesticide while the liquid formulations will generally have from about 0.0001-60% by weight of the Solids in the liquid phase.
The formulations may be applied to the Subject's skin, or may be applied to garments, belts, collars, or other articles worn by the subject from whom insects are to be repelled. The formulation may be applied to netting or Screening that protects a Subject, particularly a sleeping Subject. The for mulations may be applied to non-animal Substrates from which insects are to be repelled, Such as plants. Application to Subjects or Substrates may be carried out by Spraying, dusting, Sprinkling or the like.
The compounds according to the present invention may be employed alone or in mixtures with one another and/or with Such Solid and/or liquid dispersible carrier vehicles as described herein or as otherwise known in the art, and/or with other known compatible active agents, including, for example, insecticides, acaricides, rodenticides, fungicides, bactericides, nematocides, herbicides, fertilizers, growth regulating agents, etc., if desired, in the form of particular dosage preparations for Specific application made therefrom, Such as Solutions, emulsions, Suspensions, powders, pastes, and granules as described herein or as otherwise known in the art which are thus ready for use.
The repellant compounds may be administered with other insect control chemicals, for example, the compositions of the invention may employ various chemicals that affect insect behavior, Such as insecticides, attractants and/or repellents, or as otherwise known in the art. The repellant compounds may also be administered with chemosterilants.
The repellant compounds are Suitably applied by any method known in the art including, for example, Spraying, pouring, dipping, in the form of concentrated liquids, Solutions, Suspensions, Sprays, powders, pellets, briquettes, bricks and the like, formulated to deliver a repellant effective concentration of the repellant compound. The repellant formulations may be applied in a repellant effective amount to an area of pest infestation or an area Susceptible to infestation, a body of water or container, a barn, a carpet, pet bedding, an animal, clothing, skin, and the like.
The following examples are illustrative of the practice of the present invention, and should not be construed as lim iting thereof. All percentages are by weight and all Solvent mixture proportions are by Volume unless otherwise noted. Mosquito Repellant Untreated cheese cloth was wrapped around the right hand of a human Subject and inserted into a cage of adult tiger mosquitoes (approximately 50 in the cage). The insects were immediately attracted to the Subject's hand. The tiger mosquitoes were observed to be actively probing and biting the Subjects hand through the cheese cloth within Seconds. The subject was required to shake his hand violently to remove the insects from the cheese cloth when removing his hand from the cage, to avoid transferring the insects from the cage to the outside. The same cheese cloth was then treated to Saturation with a 1% by Volume Solution of 2-tridecanone/2-undecanone (approximately 50% by volume of each) in ethanol. The cloth was allowed to air dry to remove the ethanol.
After treatment as described above the cheese cloth was again wrapped around the Subject's hand and placed in the same cage. Fewer (by /10) mosquitoes landed on the cheese cloth. This treatment was performed within five minutes of the control experiment described above. When mosquitoes did land on the cheese cloth, they were observed to remain thereon for only approximately 1 to 2 Seconds and then fly off. No probing was observed, no bites were received, and the Subject was able to easily remove his hand from the cage without risk of transferring mosquitoes.
EXAMPLE 2
Tick Repellency of 2-undecanone A volume of 800 microliters of a 1% by volume solution of 2-undecanone and 2-tridecanone mix (50% each) in US 6,800,662 B2 S ethanol was added to one-half of a coarse 9 centimeter filter paper disc placed in a plastic petri plate of corresponding Size and allowed to air dry. An exact control half filter paper disc was treated in a separate container with 800 microliters of ethanol at the same time. The control was allowed to air dry until no ethanol could be detected by Smell approxi mately 2 centimeters from the surface of the filter paper. The treatment and ethanol control was then transferred to a Sterile plastic petri plate containing 10 ticks, OrnithOdorus parkeri. The control and treatment paper were positioned So that they covered most of the bottom of the plate but did not touch in the middle; they were Separated by a distance of about 0.25 cm. The ticks were randomly distributed around the plate when the filter paper was introduced. ESSentially 100% of the ticks were found on the ethanol control for 5 minutes through 3 hours. At three observation periods, 14 minutes, 1 hour and 2 hours, one tick was found at the margin between the two treatments. The experiment was run at room temperature and in the dark. Observations were made in normal laboratory light and took only a few Seconds.
EXAMPLE 3
Mosquito Repellency of 2-undecanone Forty milliliters of a 2.5 percent solution of 2-undecanone in absolute ethanol was added to a gauze glove (20x15 centimeters) in a 250 milliliter beaker. After soaking for 1 minute, the glove was laid onto aluminum foil in a fume hood for 13 minutes and then suspended by one end from the sash of the fume hood for 3 minutes. The ethanol appeared to be completely evaporated after this treatment as deter mined by touch. Upon touch, the glove did not feel wet or cool. The same treatment was used without 2-undecanone as a control. After the same drying Steps, no odor of ethanol could be detected by Smell. The control glove was the same physical dimensions and made from the same batch of material as the treatment. The control experiments including wetting and drying of the glove was conducted prior to the 2-undecanone treatment.
Approximately 100 adult male and female mosquitoes (Aedes taeniorhynchus) (exact sex ratio not determined) were placed in a 12x12x14.5 inch StainleSS Steel Screened cage. The cage was fitted with a cloth Stocking on one side to allow material to be added and removed from the cage by hand without allowing the mosquitoes to escape. The mos quitoes were added to the cage approximately 12 hours before the test. Two 1 ounce plastic cups containing 2-3 KIM WIPESTM brand paper wipes wetted with 20% sucrose in water were placed into the cage for a Source of food and water. The insects were held over night for acclimation at 27 degrees Centigrade, 14:10 LD cycle and 50% relative humidity. The next morning, a few mosquitoes were Seen resting on the Sucrose feeding Stations.
The following data are the control responses when the tester's hand covered by the ethanol treated (dried) glove was placed into the mosquito cage (at room temperature) for minutes. No landings and no bites were noted at any of these time points. During the first 3 to 4 hours, the mosquitoes demonstrated no host Seeking behavior, Such as even trying to fly toward the tester's hand.
In conclusion, under the treatment conditions described above, 2-undecanone was effective as a mosquito repellent for greater than 4 hours and 40 minutes.
EXAMPLE 4
Cockroach Repellency of 2-undecanone 1. Dispersion of 2-undecanone in Floor Wax. A commer cially available paste floor wax is combined with one percent by weight of 2-undecanone and the two ingredients mixed thoroughly together. The paste floor wax is then applied to a region of flooring and buffed. The same paste floor wax, without 2-undecanone, is applied to an adjacent region of flooring in the same amount and also buffed. When released onto each region of flooring, cockroaches are found to spend less time in the region containing 2-undecanone than in the control region that does not contain 2-undecanone. 2. Dispersion of Solutions of 2-undecanone in Ethanol. The repellency of 2-undecanone to the German cockroach (Blattella germanica L.) was further examined using the following protocol. Semicircular test papers (4.5 cm radius) of FISHER brand filter paper were saturated with 240 microliters of 13.25 micrograms/microliter 2-undecanone in 100% ethanol or 100% ethanol alone as a negative control. The filter papers were placed on an aluminum foil sheet, and allowed to dry for one hour in a fume hood. The described Semicircular-test papers were then placed in glass Sterile petri dishes (internal diameter 9 cm), two papers in one dish, one containing 2-undecanone and the other containing etha nol only. The filter paper Semicircles were arranged as to completely fill the bottom of the petri dish. All the other internal Surfaces of the petri dishes were greased with pure Vaseline to prevent cockroaches from crawling to these areas. German cockroaches (10 two week old male adults, or two day old females) were randomly transferred to the Surface of the test papers in the above described petri dish. The petri dish was covered with a dish top, the covered plate placed into a plastic container (3/s cups/25 oz/739 ml Glad Ware(R) Entrée containers with a paper towel at the bottom containing 5-6 ml of distilled water), the container was tightly Sealed with the matching lid, and the Glad container containing the tests placed into a dark room at room tem perature. The location of cockroaches was recorded at 1, 2, 4, 8, 24 and 48 hours. The results of these experiments are outlined in Table 1 . These results show that German cock roaches spend less time on 2-undecanone treated (Un) test papers compared to the ethanol (Et) negative control. Bean tails were cut into 5-6 cm length with a sharp razor blade, and glued cut Side down into 5 cm glass petri dishes with carpenter's glue, two per dish, 2-3 cm apart. The dishes were then placed into plastic containers (bottom diameter 8 cm, top diameter 11 cm, height 8 cm), the lid closed, and incubated at room temperature overnight. Each glued bean tail was then coated with either 80 ul 2-undecanone solution (13.35 ug?ul in 100% ethanol) or 100% ethanol (negative control), then air dried for one hour in a fume hood at room temperature. Five larval thrips were then transferred onto each glued bean using a camelhair brush. The lid of the container was sealed and the insects incubated at room temperature on a lab bench. The location of thrips were recorded at 1, 2, 4, 8, 24 and 48 hours. The results of this study are listed in Table 2 . These results indicate that a lower number of thrips spend time on the 2-undecanone treated bean tails (Un) as compared to the ethanol (Et) negative control.   TABLE 2 2-Undecanone Repellent Rest for Western Flower Thrips Number of insects on beans (total insects = 10 per treatment plastic container (bottom diameter 90 mm, top diameter 115 mm, height 44 mm). The bottom was lined with two moistened filter papers and leaf disc(s) placed onto the wetted filter paper. Control and treated leaf discs without aphids were placed adjacent to the plant disc containing aphids, and the container closed with a plastic lid. After a period of time, the aphids were counted. The results of these experiments are shown in Table 4 . Subject is a human Subject.
7. The method of claim 6, wherein Said applying Step comprises applying Said repellant to the skin of Said human Subject.
8. The method of claim 6, wherein Said applying Step comprises application of Said repellant to an article, which article is worn by Said human Subject.
9. The method of claim 6, wherein said repellant further comprises a carrier.
10. The method of claim 9, wherein said repellant further comprises at least one additional agent Selected from the group consisting of insecticides, acaricides, rodenticides, fungicides, bactericides, nematocides, herbicides, fertilizers and growth-regulating agents.
11. The method of claim 9, wherein the carrier comprises ethanol.
12. The method of claim 9, wherein the concentration of 2-undecanone in said repellant is from about 0.001% by weight to 10% by weight of the repellant. 13. The method of claim 9, wherein said repellant com prises a liquid formulation containing from about 0.001% to 60% by weight of 2-undecanone.
14. The method of claim 1, wherein said repellant further comprises at least one additional component that affects behavior of Said mosquitoes. 16. A method of repelling mosquitoes from a locus Susceptible to the presence of mosquitoes, comprising applying to Said locus an effective amount of a repellant comprising 2-undecanone, wherein Said mosquitoes com prise at least one mosquito Species Selected from the group consisting of Tiger mosquitoes, Aedes aboriginis, Aedes Aegypti, Aedes albOpictus, Aedes cantator, Aedes Sierrensis, Aedes Solicitans, Aedes Squamiger, Aedes Sticticus, Aedes vexans, Anopheles quadrimaculatus, Culex pipiens, and Culex quinquefaxciatus.
17. The method of claim 16, wherein said locus is adapted for use or presence of humans and/or animals.
18. The method of claim 17, wherein said locus comprises an article worn by or arranged to protect humans and/or animals.
19. The method of claim 17, wherein said locus comprises a dwelling Structure.
20. The method of claim 17, wherein said locus comprises a body of water.
